According to theory, the level of short-selling can predict short-run future returns throughout two channels. One is related to the demand-side of the stock lending market: short-sellers are informed. The other is related to the supply-side: short-sellers are restricted. Measuring the importance of each channel is empirically challenging once, in general, supply and demand in the stock lending market are not directly observable. This paper takes advantage of a unique dataset that contains actual shifts in lending supply for stocks on the Brazilian market, and proposes an identification strategy for the effects of both supply and demand on stock prices. We find that both channels are important. Abstract According to theory, the level of short-selling can predict short-run future returns throughout two channels. One is related to the demand-side of the stock lending market: short-sellers are informed. The other is related to the supply-side: short-sellers are restricted. Measuring the importance of each channel is empirically challenging once, in general, supply and demand in the stock lending market are not directly observable. This paper takes advantage of a unique dataset that contains actual shifts in lending supply for stocks on the Brazilian market, and proposes an identification strategy for the effects of both supply and demand on stock prices.
Introduction
Lenders place shares for loan directly into the system, where borrowers can electronically hit the offers. Even though it is also possible for borrowers to place loan bids into the system, this is not usual.
Additionally, BTC allows cross-orders, where both sides are simultaneously inserted into the system by the same broker. These are transactions that were closed in advance on the over-thecounter market. To comply with Brazilian regulations, brokers must enter all deals of this kind into BTC, identifying the parties, the lending fee and amount, and all other relevant information of the deal. In sum, besides saving all lending offers that were inserted into the electronic system, the BTC data set contains historical (order by order) information on the entire securities lending market in Brazil on a daily frequency.
Based on this data set, we propose an empirical strategy that identifies the effects of shifts of both short selling demand and lending supply on stock prices. This allows us to jointly test IH and OH in a clean way. In a nutshell, we regress short-run future returns on the total number of shares that were lent in a given week (defined by q e ) and on two variables that represent the lending supply curve, namely, the total number of shares that were offered for lending through the electronic market in that week (defined by q s ) and the average lending fee across lending offers in that week (defined by p s ).
Given the ceteris paribus nature of the estimated effects, the regression coefficient related to the variable q e identifies the effect on stock prices of right-shifts of short-selling demand (effect A):
an increase in q e with the lending supply curve fixed (proxied by both q s and p s fixed), can only happen if short-selling demand shifts to the right. Moreover, the regression coefficient related to the variable q s identifies the effect on stock prices of right-shifts of lending supply that occur along with left-shifts of short-selling demand (effect B): an increase in q s with both q e and p s fixed, can only happen if a right-shift in lending supply occurs along with a left-shift in lending demand.
Estimating effects A and B is useful since it allows one to jointly test IH and OH as follows.
If effect A is found to be negative, we have evidence consistent with IH. Besides, if effect B is also negative, we conclude that OH also holds. We can conclude this since effect B is given by a combination of an increase in lending supply and a decrease in lending demand. The decrease in lending demand, according to the negative sign of effect A, should have a positive effect in prices.
Hence, it must be the case that the increase in lending supply is depressing stock prices, consistent with OH.
We find empirical support for both IH and OH. The estimates indicate that (i) an one-standarddeviation increase in q e would generate a decrease in the stock price in the following 2 weeks with magnitude of −12 basis points and that (ii) an one-standard-deviation increase in q s , would generate a decrease in the stock price in the following 2 weeks with magnitude of −27 bps. Moreover, we find that while the information channel reaches its maximum effect 2 weeks after the right-shift of the short-selling demand, short-selling restrictions have longer effects on stock prices, monotonically increasing for up to 4 weeks.
Our identification strategy is inspired in Akbas et al. (2008) . They construct investment portfolios based on both the level of short selling and the level of institutional ownership of the firms. Since firms with lower institutional ownership tend to be firms with lower lending supply, exercises with double-sorted portfolios based on these two variables can produce the same identification strategy described above.
However, there are two crucial differences between the present work and Akbas et al. (2008) . First, our data set contains actual shifts in the lending supply curves, instead of their proxy. Second, our data set provides daily information on the entire lending market for the stocks under analysis.
Using actual data on the supply side of the lending market is important once they vary a lot in both the cross-sectional and the time-series dimensions. In turn, institutional ownership, the proxy used by Akbas et al. (2008) , vary much more in the cross-section than in the time-series (institutional investors have long investment horizons). This is a problem once the time-series component under both IH and OH seems to be very relevant.
The results that we find in this paper are new if compared with the existing empirical evidence.
To the best of our knowledge, there are only two other papers that propose identifications strategies to jointly test IH and OH. They are Akbas et al. (2008) and Cohen, Diether and Malloy (2007) .
Both papers find support only for IH, and reject OH. Cohen, Diether, and Malloy (2007) use private data on both loan fees and short interests for some stocks to separately identify shifts to shorting demand and shorting supply. They proceed as follows. For a given security, in months when the average loan fee decreased but the total loan quantity increased compared to the previous month, they say that the lending supply must have shifted to the right. On the other hand, when the average loan fee increased but the loan quantity decreased, the lending supply must have shifted to the left. Using this strategy, they construct dummy variables that track tightening and loosening movements in the short-selling restriction for each security. Supply shifts to the left (right) indicate tightening (loosening) of short-selling sale constraints. Then, by running panel regressions, they find that while shifts in short selling demand do predict future returns, shifts in the lending supply have no significant predictive power.
An important issue with the regressions in Cohen, Diether, and Malloy (2007) is that they observe only about one quarter of the lending market for the stocks under analysis. This can lead to miscalculation of their dummy variables. For instance, an increase in the short-interest reported in their data set for a given stock, which could lead to the conclusion that the lending supply shifted to the right, may not have occurred in the overall lending market for that stock. Moreover, their method is able to identify only a small part of the supply shifts that may have occurred during their sample period. For example, if both supply and demand shifted to the right in a given month with a larger shift in demand, they would observe higher loan fee and quantity and, hence, would not identify the shift of the loan supply at all. Besides, their strategy does not differentiate between large and small shifts in lending supply, which can be a problem if the effects are increasing with the size of the shifts.
The rest of the paper is divided as follows. Section 2 describes the Brazilian stock lending market and presents our data set. Section 3 presents our identification strategy. Section 4 develops the empirical analysis. Section 5 concludes.
Stock lending in Brazil
In this section, we present information relevant to the securities lending market in Brazil. 1 We chose Brazilian data due to its unique market microstructure: all lending transactions are centralized and cleared through the Brazilian Exchange (BM&FBOVESPA). BM&FBOVESPA is the fourth largest exchange in the word in terms of market capitalization. This exchange has a vertically integrated business model with a trade platform and clearing for equities, derivatives and cash market for currency, government and private bonds.
Regulation of the securities lending market in Brazil is determined by the Brazilian Securities Commission (CVM) and by the Brazilian Monetary Council (CMN). All transactions are mediated by BM&FBOVESPA's brokers which are responsible for bringing together opposite interests in the market place -stocks' borrowers and lenders. Any security listed on the exchange is eligible for lending.
The stock lending market in Brazil has become increasingly strong over the last 10 years, as reported in Table 1 . Lending securities currently is a common practice among Brazilian market participants. In 2011, more than US$ 400 billion in stocks were lent in more than 1.4 million deals, representing about one-third of market capitalization of about US$ 1.2 trillion. These transactions involved an average of 290 companies per month. In that same year, the lenders were individuals in 40%, foreign investors in 35%, and mutual funds in 25% of the deals. On the borrowing side, 70% of transactions were with mutual funds, 25% with foreign investors, and 5% with individuals.
[ Table 1 about here] BM&FBOVESPA provides a platform where brokers can register offers from their clients directly through an electronic system called BTC. Lenders place shares for loan directly into the system, where borrowers can electronically hit the offers. Even though it is also possible for borrowers to place loan bids into the system, this is not usual. More than 99% of the offers placed into BTC come from lenders.
Additionally, BTC allows cross-orders, where both sides are simultaneously inserted into the system by the same broker. These are transactions that were closed in advance on the over-thecounter market. To comply with Brazilian regulations, brokers must enter all deals of this kind into BTC, identifying the parties, the lending fee and amount, and all other relevant information of the deal.
In sum, securities lending transactions can be executed either through borrowers hitting lenders' orders on the screen, or as result of over-the-counter transaction, which according to Brazilian regulation must be cleared by BM&FBOVESPA. In either case, the BTC saves the information for every deal. As a result, the BTC data set contains historical (order by order) information on the entire securities lending market in Brazil on a daily frequency.
Notice, however, that the saved information related to the over-the-counter market is distinct in a crucial dimension from the saved information related to the electronic market. If a deal is closed over-the-counter, the broker saves into the system only the information related to the equilibrium of the market, that is, fees and quantities of closed deals (where supply and demand agreed with each other). Instead, when lenders place shares for loan directly into the system, the BTC saves the clean information related to the supply side of the market.
With the information contained in the BTC, it is possible to see how often a given stock is negotiated over-the-counter vis-à-vis electronically. Considering the period from January 2009 to July 2011, Figure 1 presents, stock by stock, the ratio between the volume of loans negotiated over-the-counter and the total volume (the sum of the volume negotiated over-the-counter and the volume electronically negotiated through BTC). Only stocks that traded every day in our sample period are presented in Figure 1 .
[ Figure 1 about here]
The y-axis indicates the importance of the over-the-counter market for the lending operations of a given stock. For the securities with the y-axis equal to 1 in Figure 1 , the BTC has no direct information related to their loan supply, since their loans are always negotiated over-the-counter and all that is recorded are quantities and prices of equilibrium. For all other securities, at least some information on the actual lending supply is recorded by system. A larger portion of the supply side of a security's lending market can be observed as the y-axis value of the security decreases.
We claim that if a stock is located below the 30%-dashed line in Figure 1 , we observe a significant part of the supply side of its lending market. Indeed, for such stocks, more than 70% of the lending deals (in volume) occur through the electronic system. We denote this group of stocks by LEL (liquid and electronically lent) group. The number of stocks in the LEL group is 44 and they are listed in Table 2 . The 30% line is an arbitrary cut-off. Hence, we also present the main results of the paper for another more restrictive threshold (15%). There are 30 stocks below the 15% threshold.
[ Table 2 about here] How are the stocks in the LEL group different from the liquid stocks that are mostly borrowed and lent in the over-the-counter market? To investigate this, we create the LLOTC (liquid and lent over-the-counter) group, which contains the stocks that are located above the 70% horizontal dashed line in Figure 1 . There are 113 stocks in this group. We then compare the LEL and LLOTC groups by size of the firms, turnover, short interest, and lending fee. We compute these measures for each month of the studied period. Size is computed as the group average market capitalization (in millions of US$) of the firms in each month. Turnover is the average, in each group, of the stocks' monthly traded volume relative to their market capitalization. Short interest is the number of shares in loan (stock) in the end of the month relative to the number of shares outstanding.
Finally, the lending fee is the group weighted average of the lending fees of the deals, that is, the fee of each deal weighted by the size of the deal. Table 3 reports the results.
[ Table 3 about here] According to Table 3 , the LEL group is composed of smaller firms. In this group, the average size of a firm is US$ 579 million. In the LLOTC group, it is US$ 7.4 billion. It makes sense that the over-the-counter lending market concentrates its operations on larger firms, since these should generate higher lending volumes, and hence higher brokerage fees. This idea is corroborated by the fact that the short interest for the LEL group, the number of shares in loan in proportion to outstanding shares, is much smaller for the LEL group (0.1%, for the LEL stocks, and 1.4%, for the LLOTC stocks). With respect to the average lending fees, the stocks in the LEL group are lent at 4.1% (per annum) on average, and the average fee for the LLOTC group is 1.9%. This difference also goes in the right direction. For instance, D'Avolio (2002) examines US stock lending from a large, institutional lending intermediary and finds that while stocks from large companies are lent at 1% on average, the mean lending fees for smaller firms are about 4.3%. 2 2 Another important difference we identified between the LEL and LLOTC groups is the composition of the lenders, since lender identification is also recorded in the BTC system. Lenders who use the electronic market are very different from those who negotiate over-the-counter. Among the lending orders electronically made, 83% came from individuals, 13% from investment clubs and 4% from mutual funds. Among the over-the-counter lending orders, 45% came from mutual funds, 32% came from individuals, and 22% from foreign investors.
The low short interest for the LEL stocks are due to low lending supply for such stocks in some weeks. As illustrated in figures 2 and 3 of De-Losso, Genaro and Giovannetti (2013) , for many LEL stocks, there are periods when no lending offers are placed in the BTC, a clear situation of tight short-selling restriction. However, other periods show very low restrictions on short selling. Such a dynamics provides a good opportunity for testing IH and OH, once its generates a large variation in short-selling restrictions and deals.
Identification strategy
As any other standard market, the stock lending market has supply (given by stock lenders), demand (given by short-sellers) and equilibrium (the lending deals). Because of the decentralized aspect of the lending markets in most of the countries (including the US), where loan transactions are completed over-the-counter, researchers usually have historical information only related to the equilibrium of the market, that is, fees and quantities of lending deals, which are take place when the short-selling demand curve crosses the stock lending supply curve. Given that, it is not easy to separate shifts in short-selling demand from shifts in lending supply, and to subsequently test IH and OH.
For the LEL stocks defined in the previous section, we observe not only fees and quantities of closed deals, but also a significant part of the stocks lending supply. As we discuss now, with such information, we can estimate two effects:
• Effect A: the effect on stock prices of a right-shift of short-selling demand;
• Effect B : the effect on stock prices of an right-shift of lending supply along with a left-shift of short-selling demand.
Estimating effects A and B is useful since it allows one to jointly test IH and OH as follows. If effect A is found to be negative, we have evidence consistent with IH, that is, consistent with the fact that short-sellers are well informed investors with superior analytical skills.
Besides, if effect B is also negative, we conclude that OH also holds: when lending supply shifts to the right, that is, when short selling restrictions are relaxed, stock prices go down. We can conclude this since effect B is given by a combination of an increase in lending supply and a decrease in lending demand. The decrease in lending demand, according to the negative sign of effect A, should have a positive effect in prices. Hence, it must be the case that the increase in lending supply is depressing stock prices, consistent with OH.
But how can we identify effects A and B ? In a nutshell, we regress short-run future returns on the total number of shares that were lent in a given week (defined by q e ) and on two variables that represent the lending supply curve, namely, the total number of shares that were offered for lending through the electronic market in that week (defined by q s ), the average lending fee across lending offers in that week (defined by p s ). Then, given the ceteris paribus nature of the estimated effects, the regression coefficient related variable q e identifies effect A, while the coefficient related to variable q s identifies effect B.
To understand this, note that an increase in q e with the supply curve fixed (proxied by fixed q s and p s ), can only happen if short-selling demand shifts to the right. Moreover, an increase in s with It is obvious that q s and p s do not perfectly describe the lending supply curve, that is, there are many shapes for the lending supply curve which have the same pair (q s , p s ). Because of that, the identification of the effects A and B may not be perfect, and it is important to empirically test the efficacy of the identification strategy. Hence, we run the regression
at the weekly frequency, using the stocks of the LEL group. The variables in equation (1) are • p e it : the average of the fees across all lending deals in week t for stock i. The average is weighted by the number of shares of each deal. It represents the lending fee of equilibrium in week t for stock i;
• q e it : the number of shares in closed lending deals in week t for stock i (considering the whole stock lending market), relative to the number of shares outstanding for the stock. It represents the quantity of equilibrium in the lending market for stock i in week t;
• q s it : the number of shares offered for lending in week t for stock i, relative to the number of shares outstanding for the stock. The number of shares offered for lending in week t is given by the sum of all lending offers that were placed in the electronic system in week t for stock i;
• p s it : the average of the fees across all lending offers that were placed in the electronic system in week t for stock i. The average is weighted by the number of shares of each offer. It represents the average lending fee of the week t supply curve for stock i.
If the identification strategy is working properly, we must have Besides these two tests of the success of the identification strategy, if we restrict our panel to stocks-weeks with one and only one lending offer placed on the screen, we have an additional test.
In such weeks, the lending supply curve should be horizontal. Hence, we must have:
(III) β 1 = 0: a right-shift in short-selling demand along with a fixed horizontal lending supply should produce no change on the lending fee of equilibrium;
(IV) β 2 = 0 : if the number of shares offered for lending increases, with a fixed lending fee, the horizontal supply curve gets longer (to the right). This does not change the lending fee of equilibrium;
(V) β 3 > 0 : the higher fee of the lending offer shifts the horizontal supply curve up. This produces an equilibrium with a higher lending fee. Table 4 presents the results of regression (1) considering the full sample, to test predictions (I) and (II), and restricting the sample to stocks-weeks with one and only one lending offer placed on the screen, to test predictions (III), (IV), and (V).
[ Table 4 about here]
We first analyze the results with the full sample. Results in columns 1 and 2 are obtained, respectively, with a regression controlled for week fixed effect and a regression controlled for both week and stock fixed effect. The results are consistent with predictions (I) and (II). First, the coefficient related to q e is positive and significant at the 1% level, indicating that β 1 should be indeed identifying the effect of a right-shift of the short-selling demand curve. Second, the coefficient related to q s is negative and significant at the 1% level (column 1) and at the 5% level (column 2). This is the effect that would be expected from a right-shift in lending supply along with a left-shift in short-selling demand. Finally, the positive and highly significant coefficient of p s also goes in the right direction. In fact, an increase in the average fee of the lending offers, with q e and q s fixed, can happen with a left-shift of the lending supply curve along with a right-shift of the short-selling demand curve. Such a dynamics would lead to an equilibrium with a higher lending fee.
Turning to columns 4 and 5 of Table 4 , we find additional evidence that the identification strategy is working properly. Weeks when only one lending offer was placed on the screen should be periods with horizontal supply lending curves. In such periods, increases in q e and q s should produce no effect on the equilibrium lending fee (predictions III and IV). Only increases in p s (upshifts of the supply curve) should impact p e (prediction V). Columns 4 and 5 report results in line with such predictions. Although the coefficients β 1 and β 2 are mathematically higher than with the full sample, they are not statistically significant.
In the next section we apply the identification strategy just discussed to jointly test IH and OH. Basically, this is done by re-estimating regression (1) using short-run future returns as the dependent variable, instead of p e .
Empirical analysis
Our goal in this section is to determine the empirical validity of the information and the overpricing hypotheses, summarized as follows:
• Information hypothesis (IH): right-shifts of short-selling demand should predict lower shortrun future returns.
• Overpricing hypothesis (OH): right-shifts of stock lending supply should predict lower shortrun future returns.
Given the discussion in the previous section, we can produce clean empirical evidence on both hypotheses by running short-run future returns on q e , q s , and p s . With weekly observations, we estimate
where h = 1, 2, 3, and 4 and r i,t+h represents the risk-adjusted return of stock i for the period between week t + 1 and week t + h (inclusive). We compute the risk-adjusted returns as the residuals of time series regressions of the raw returns on the 3 Fama-French factors calculated for the Brazilian stock market. 3 We use risk-adjusted returns to control for possible relations between the explanatory variables and the risk factors. The explanatory variables in equation (2), q e it , q s it , and p s it , were already defined in the last section. Parameters α i and µ t account for stock and week fixed effects, respectively. Table 5 presents some descriptive statistics of the variables in equation (2) that will be useful in the interpretation of the main results.
[ Table 5 about here]
What do γ 1 and γ 2 indicate about the hypotheses under analysis? Since γ 1 identifies the effect on short-run future returns of a right-shift of short-selling demand, only γ 1 < 0 is consistent with IH.
Since γ 2 identifies the effect on short-run future returns of both a right-shift in lending supply and a left-shift of short-selling demand, (γ 1 , γ 2 ) < (0, 0) is consistent with OH: if γ 1 < 0, the left-shift of short-selling demand pushes γ 2 to be positive; hence, γ 2 < 0 can only happens if the right-shift of lending supply generates lower short-run future returns, as predicted by OH. By the same reasoning, if γ 1 < 0 and γ 2 ≥ 0, we conclude that IH holds, but we do not have any conclusive evidence with respect to OH: it can still be the case the OH holds, but the effect from the left-shift of short-selling demand dominates and produces a positive γ 2 .
If γ 1 = 0, we first conclude that IH does not hold. Besides, if γ 2 < 0, we conclude that OH holds: if γ 1 = 0, the left-shift of short-selling demand has no effect in γ 2 ; hence, γ 2 < 0 indicates that the right-shift of lending supply generates lower short-run future returns, as predicted by OH.
If γ 2 ≥ 0, we conclude that neither hypotheses hold.
If γ 1 > 0, we also conclude that IH does not hold. However, differently from the case when γ 1 = 0, if γ 2 < 0, we cannot draw any conclusion on OH: if γ 1 > 0, a negative γ 2 can simply be due to the negative effect of the left-shift of short-selling demand on future returns. As before, if γ 2 ≥ 0, we conclude that neither hypotheses hold. Table 6 summarizes the possible combinations of γ 1 and γ 2 and their respective conclusions about the hypotheses under analysis.
[ Table 6 about here]
We now turn to the main results. Columns 1, 2, 3, and 4 of Table 7 present the estimates from regression (2), considering 1-, 2-, 3-, and 4-week ahead returns, respectively. The overall conclusion is favorable to both IH and OH. For 1-week ahead returns, γ 1 = −0.797 (p-value of 0.028) and γ 2 = −0.273 (p-value of 0.055). For 2-week ahead returns, both effects get stronger, with γ 1 = −1.162 (p-value of 0.012) and γ 2 = −0.522 (p-value of 0.042). For 3-and 4-week ahead returns, γ 1 seems to lose strength, while γ 2 keeps increasing in absolute value. These results indicate that both IH and OH hold true and, while the information channel reaches its maximum effect 2 weeks after the right-shift of the short-selling demand, short-selling restrictions have a longer effect on stock prices throughout the overpricing channel.
[ Table 7 about here]
The standard-deviations of q e i,t and q s i,t are, respectively, 0.105% and 0.517% (Table 5) . Hence, according to column 2 of Table 7 , an one-standard-deviation increase in q e would generate a decrease in the stock price in the following 2 weeks with magnitude of −1.162 × 0.105% = −0.12%, that is, −12 basis points (bps). Besides, an one-standard-deviation increase in q s , would generate a decrease in the stock price in the following 2 weeks with magnitude of −0.522 × 0.517% = −0.27%, that is, −27 bps.
Excluding offers with high lending fees
Lending offers placed in the electronic market that ask for unreasonably high lending fees should have little effect on the market equilibrium. Out of the 19,764 offers placed in the screen for the LEL stocks from January 2009 to July 2011, 617 had lending fees above 8% per year, and 173 above 15%. Ask and bid offers with unreasonable prices are common in electronic markets.
Even though regression (2) controls for the average of the fees across all lending offers that were placed in the electronic system in week t for stock i, big offers with unreasonable fees can still bring noise to the estimations. To address this issue, we re-estimate regression (2) excluding the lending offers that ask for high lending fees. We do that by ranking the offers for each stock according to their fees and excluding those belonging to the highest quintile. By doing that, the sample should remain with only the lending offers with very reasonable fees, allowing the meaning of reasonable to vary across stocks. Table 8 presents the results.
[ Table 8 about here]
The estimates are similar to the ones with the whole sample. For 1-week ahead returns, γ 1 = −0.801 and γ 2 = −0.245. For 2-week ahead returns, as before, both effects get stronger, with γ 1 = −0.975 and γ 2 = −0.291. For 3-and 4-week ahead returns, γ 1 loses strength, while γ 2 increases in absolute value. The conclusions are the same as before.
Conclusion
We present empirical evidence in favor of both the information hypothesis and on the overpricing hypothesis. Using a unique data set on stock lending activity, which contains direct information on the supply curve of the stock-lending market in Brazil, we propose an empirical strategy that identifies the effects of shifts of both short selling demand and lending supply on stock prices. This allows us to jointly test both hypotheses in a very clean way. Based on our results, we conclude that short-sellers are informed traders but, since they are usually able to sell short less than they are willing to, prices do not reflect all information present in the market. (IV) p s , the weighted average of the lending fees across the offers that were placed in the electronic system in week t for stock i -the average is weighted by the number of shares of each offer. (V) raw-ret, the raw return in week t for stock i. (VI) r, the risk-adjusted return in week t for stock i. 
